ackground: Cigarette cravings are one of the most often expressed difficulties related to quitting. The effect of acute exercise on craving and withdrawal symptoms during a pharmacological based smoking cessation intervention is unknown. Methods: Participants included female smokers (n = 178) undertaking the Getting Physical on Cigarettes trial -a 14-week exercise-aided nicotine replacement therapy (NRT, i.e. patch) cessation program. They completed the Shiffman-Jarvik scale immediately before and after the first scheduled exercise session during weeks 5, 11, and 13. The first exercise session (week 5) occurred shortly after participants quit smoking (week 4) and began their 21 mg NRT patch dose. The second and third exercise bout coincided soon after participants stepped down their NRT strength to 14 mg (week 11) and 7 mg (week 13), respectively. Results: Significant reductions in cigarette craving were demonstrated following exercise at all three time points (i.e. week 5, 11, and 13). Significant reductions in psychological and sedation withdrawal symptoms were shown at week 5 and 11, but not at week 13. Significant increases in physical symptoms were found at week 5 and 11, but not week 13. No significant change in appetite was evident at any time point. Conclusions: An acute bout of moderate intensity exercise can alleviate cravings as well as psychological and sedation withdrawal symptoms in quitters during a 14-week exercise-aided NRT smoking cessation program. Promoting exercise among women using NRT is recommended.
Introduction
Cigarettes kill millions of people worldwide every year (US Department of Health and Human Services [USDHHS], 2010). For over 50 years health practitioners have been working to determine how best to treat nicotine dependence (USDHHS, 2010) . Current guidelines recommend tobacco treatment specialists advocate a combination of tobacco dependence counselling and pharmacotherapy. First-line pharmacotherapies, such as the nicotine patch, bupropion, and varenicline, have been shown to double chances of quitting (Fiore, Jaen & Baker, 2008) . Unfortunately, this increased chance of becoming smoke-free only equates to a 23% success rate at six months. Even comprehensive programs that include both pharmacotherapy and behavioural support have limited success, with six-month abstinence rates of 30% (Fiore et al., 2008) . Sobering statistics like these highlight the need for identifying adjunct therapies that improve and sustain quit smoking rates.
Cigarette cravings are one of the most often expressed difficulties related to quitting. The intensity of craving experienced by an abstinent smoker over the first few days of quitting often predicts their success (Ferguson, Shiffman & Gwaltney, 2006) . When undergoing a period of abstinence, smokers are likely to experience two forms of cigarette cravings: background and episodic (Ferguson et al., 2006) . Background craving denotes a steady state of craving where the individual is plagued by a constant desire for a cigarette. Background craving may be controlled by pharmacotherapy (e.g. nicotine patch). Episodic cravings are surges in craving that result in an intense desire to light up a cigarette. These are triggered by exposure to stimuli associated with smoking (e.g. after a coffee or when having a bad day at work; Ferguson & Shiffman, 2009) . The only pharmacotherapy known to assist with episodic craving is oral nicotine replacement therapy (NRT) (e.g. gum and lozenge; Ferguson & Shiffman, 2009) . A single session of exercise has been shown to have an acute effect on cigarette cravings. In a recent review of the acute exercise and smoking literature, Taylor, Ussher and Faulkner (2007) found that nine out of ten studies showed exercise to reduce cigarette cravings during temporary smoking abstinence (effect sizes [ES] range between 0.47 and 0.74). Significant reductions in desire to smoke have been observed for different intensities and types of exercise. For example, isometric exercise at a very low intensity and of a 5-minute duration has been shown to reduce the urge to smoke by 0.7 on a seven point scale (ES = 0.29; Ussher, West, Doshi & Sampuran, 2006) whereas 15-20 minutes of self-paced walking reduced the urge to smoke by 4.6 on the same scale (ES = 3.7; Taylor, Katomeri & Ussher, 2005) . In addition, longer periods of exercise (e.g. approximately 15 minutes of brisk walking) at a light-moderate intensity have been shown to delay ad libitum smoking by up to 50 minutes, even when the individual is presented with a challenging mental task or a lit cigarette Taylor et al., 2005) . The magnitude of the reduction in cravings is encouraging and comparable with an acute response to oral NRT .
Although results from the acute exercise and smoking paradigm are promising, this body of research has one inherent flaw. These studies include temporarily abstinent smokers rather than quitters per se. Therefore, the severity of symptoms experienced may not correspond entirely with those felt when an individual is fully invested in their quit attempt. Such a shortcoming raises questions about the ecological validity of these studies and their findings.
To our knowledge, only one study has examined the effect of an acute bout of exercise on craving and withdrawal symptoms among a group of participants engaged in an actual quit attempt (Bock, Marcus, King, Borrelli & Roberts, 1999) . In their study, 62 women (44 exercise, 18 contact control) participated in 12 weeks of one hour per week smoking cessation cognitive behavioural therapy plus either: (1) three times per week, 30-40 minutes of vigorous intensity exercise, or (2) three times per week 30-40 minutes of wellness information. Cigarette craving and nicotine withdrawal measures were administered immediately before and after the last exercise session of each week of the program. When compared to the contact control, the exercise group reported significantly less craving and withdrawal symptoms immediately following exercise most weeks of the program. Although these results are encouraging, the effect of acute exercise on craving and withdrawal during a pharmacological based smoking cessation program (i.e. NRT) is unknown.
The mechanisms to explain why exercise alleviates cravings and withdrawal are not completely understood. They include the affect hypotheses such as stress reduction and activation (Taylor, Katomeri, & Ussher, 2006) ; attentional shifts from cognitive to somatic thoughts (Janse van Rensburg, Taylor, Hodgson, & Benattalyallah, 2009) ; and neurobiological changes such as increases in dopamine (Wilson & Marsden, 1995) and catecholamine (Richter & Sutton, 1994; Ward et al., 1991) . Taken together, these mechanisms are sufficiently different to those of NRT. Through extension, this suggests that exercise has the potential to provide further craving and withdrawal relief during a quit attempt involving NRT.
The purpose of the present study was to follow women smokers during a 14-week exercise-aided NRT smoking cessation program. This allowed for the first examination of an acute bout of exercise as an adjunct to the NRT patch to reduce withdrawal symptoms and cigarette craving, and provided for more accurate estimates of the craving and withdrawal relief experienced following exercise during a real quit attempt. It was hypothesised that exercise would provide nicotine craving and withdrawal relief throughout the cessation program. It was further hypothesized that the strongest relief would occur early in the program (i.e. the first week following the quit date when participants' cravings and withdrawal symptoms would be at their peak).
Methods

Participants
Participants included the first three of seven cohorts (n = 178) of females undertaking the Getting Physical on Cigarettes (GPOC) trial. GPOC aims to evaluate the effectiveness of a home-based lifestyle exercise maintenance program in assisting women to prevent smoking relapse. Female smokers were targeted for the following reasons: (1) weight concerns are more salient for women, (2) to allow comparison with the previous literature on exercise-aided smoking cessation, (3) women typically do not respond to NRT as well as men, and (4) it provided participants with the opportunity to become a group with other similar women for support and encouragement. For detailed information on the GPOC trial rationale and method see Jung, Fitzgeorge, Prapavessis, Faulkner and Maddison (2010) . The Getting Physical on Cigarettes trial registration can be found at http://clinicaltrials.gov/ct2/show/NCT01305447.
Inclusion criteria included: (1) aged between 18 and 70 years; (2) smoked in excess of 10 cigarettes per day for the past two years; and (3) wished to achieve smoking abstinence. Exclusion criteria included: (1) contraindication to regular exercise (e.g. disability, unstable angina); (2) contraindication to using NRT; and (3) pregnancy. Participants provided written consent and were also required to obtain written consent from a physician, verifying that they were fit to exercise and use NRT before beginning the program. Ethical approval was obtained from the host institution's Research Ethics Board (#16306) and participation was entirely voluntary.
Measures
Demographic measures and smoking characteristics.
Participant demographic information and smoking characteristics can be found in Table 1 .
Smoking withdrawal. The Shiffman-Jarvik withdrawal scale is a 15-item questionnaire that assesses withdrawal symptoms in abstaining smokers. The items were presented as 7-point scales, where 1 indicates 'definitely not' and 7 indicates 'definitely' . The items were divided into five subscales based on factor analysis: craving (five items), psychological symptoms (five items), physical symptoms (three items), sedation (one item) and appetite (one item). Shiffman-Jarvik subscale scores do not tend to drift over repeated assessments and use factor analysis to group items according to their inter-correlations, which generally results in reliable scales (Shiffman, West & Gilbert, 2004) . Reliability analyses (Cronbach's alpha scores) were computed at week 5, week 11 and week 13 for the constructs of craving, psychological symptoms and physical symptoms. All alpha values were considered acceptable (>0.7; Kline, 1993) . Scores were expressed as an average value for each subscale (out of 7) pre-and post-exercise.
Procedure
Over the course of the 14-week exercise-aided NRT smoking cessation program participants exercised in groups of between 10 and 15 participants at the Exercise and Health Psychology Laboratory (EHPL) at the University of Western Ontario, Canada (www.ehpl.uwo.ca). Exercise sessions consisted of aerobic exercise performed on a variety of equipment that included treadmills, rowing machines, stair climbers, or stationary bicycles. At week 4 of the program, all participants were provided with NRT in the form of transdermal patches and attempted to quit smoking for good. Participants were asked to wear the nicotine patches for 24 hours a day, seven days a week, for 10 weeks as per the manufacturer's recommendations. Participants completed the Shiffman-Jarvik withdrawal scale (Shiffman & Jarvik, 1976) immediately before and after the first scheduled exercise session during week 5, week 11 and week 13. At each exercise session participants completed a five-minute warm-up, 20 minutes of moderate intensity exercise on a treadmill, a five-minute cool down, and a series of static stretches. Moderate intensity exercise was defined as the participant's heart rate being between 50% and 60% of her heart-rate reserve (HRR). For example, 60% of the participant's HRR was defined as (heart-rate max [determined by a Bruce treadmill test] -resting heart-rate [RHR] × 0.6) + RHR. Participants' exercise intensity and duration was verified by Polar heartrate monitors (Polar RS300X).
The first acute exercise session (week 5) occurred shortly after the participants quit smoking (week 4) and began the ten-week transdermal patch program. The second and third exercise bouts coincided with the period soon after participants reduced the level of NRT patch strength from 21 mg to 14 mg (week 11) and 14 mg to 7 mg (week 13). These measurement times were chosen because they were believed to be the time periods in the ten-week NRT program when these female smokers would require the most assistance to remain smoke free. A flowchart of the research design is displayed in Figure 1 .
Only the data pertaining to those participants who reached the exercise intensity goals, followed the NRT protocol, and abstained from smoking prior to the acute exercise sessions (breath carbon monoxide [CO] < 6 parts per million [ppm]) were included in analyses (see Figure 1) . Breath carbon monoxide was analysed using the piCO + Smokerlyzer R (ROXON, Toronto). Trained research assistants under the supervision of the Principal Investigator of the present study administered the exercise protocol and collected the craving and withdrawal symptoms data.
Power calculation and statistical analyses
Based on previous research (see review by Taylor, Ussher & Faulkner, 2007) , 25 participants are required at week 5, week 11, and week 13 exercise sessions to be adequately powered at 80% (p < 0.05) and to detect a large effect (Cohen's d = 0.8) in pre-and post-exercise cigarette craving (Cohen, 1992 ; SamplePower 3-IBM SPSS). This effect size translates to detecting a minimum 29% net reduction in craving.
Separate repeated ANOVAs were used to analyse differences in the withdrawal scales of the Shiffman-Jarvik questionnaire pre-to post-exercise for each acute exercise session (week 5, week 11, week 13).
Results
Descriptive (M, SE, CI) Shiffman-Jarvik withdrawal scale data can be seen in Table 2 
Discussion
Results of the present study indicate that an acute bout of moderate intensity aerobic exercise can reduce symptoms of cravings, psychological withdrawal and sedation during an actual quit attempt in women undertaking a 14-week exercise-aided NRT smoking cessation program. Beyond this general conclusion, a number of specific issues with respect to our findings warrant commentary. For instance, significant cravings relief was demonstrated at all three assessment time points (weeks 5, 11 and 13). The effect size for craving was uniformly large and suggests that exercise is a useful craving reduction strategy for smokers attempting to quit and does not become redundant in the presence of different doses of NRT. It should be highlighted that the largest craving effect occurred at week 5 (i.e. three to five days into the quit attempt). These first few days and weeks of the quit attempt often determine success or failure (Shiffman, Paty, Gnys, Kassel & Hickcox, 1996) . Overall, these results correspond with those demonstrated by Bock and colleagues (1999) . These researchers also found a reduction in craving following exercise for the majority of the weeks they measured it. The important distinction between their work and the present study is the absence of NRT. Craving can be conceptually compartmentalised into two categories: cue-induced craving and background craving. The identification of adjunct quit smoking therapies that address both types of craving is of clinical importance. Exercise has been shown to ameliorate cue-induced craving in temporarily abstinent smokers (Janse van Rensburg et al., 2009; Taylor & Katomeri, 2007) . Cue-induced, or episodic cravings, are generally conceptualised as bouts of intense craving characterised by a surge in craving often triggered by exposure to stimuli associated with smoking (Ferguson & Shiffman, 2009) . In this case, no such stimuli was presented; when participants entered the facility, the craving they were experiencing was not greatly spiked, as evident by the moderate exercise craving scores at all time points. Therefore, it seems reasonable to suggest that background craving was being assessed and that throughout the 14-week quit attempt an acute bout of exercise had the ability to reduce, at least temporarily, background craving.
The DSM-IV (American Psychiatric Association, 1994) lists eight symptoms related to nicotine withdrawal -depressed mood, insomnia, irritability, anxiety, difficulty concentrating, restlessness, decreased heart rate, increased appetite or weight gain -and exercise has been shown to reduce many of these acutely (Taylor & Katomeri, 2007) . Within the present study the withdrawal symptoms were broken down into four categories: psychological symptoms, sedation, physical symptoms, and appetite. This made it possible to specify which withdrawal constructs the exercise was able to ameliorate and at what stage in the quit attempt. With respect to psychological symptoms (i.e. tense, irritable, content, able to concentrate, and calm), our findings show that an acute bout of moderate intensity exercise was effective in reducing these withdrawal symptoms at weeks 5 and 11 but not at week 13 of the cessation program. Our findings are in line with other research that supports the psychological mood-enhancing benefits of acute exercise within the general adult population (Biddle, 2000) . Interestingly, concentration contributes to the make-up of this construct and research has shown that exercise does not consistently alleviate this symptom. For example, Ussher and colleagues (2001) found that 10 minutes of moderate intensity exercise reduced the symptom of poor concentration, whereas Janse van Rensburg and colleagues, using the same duration and intensity, did not (Janse van Rensburg & Taylor, 2008; Janse van Rensburg et al., 2009; Ussher, Nunziata, Cropley & West, 2001) .
Within the smoking and exercise literature, Taylor and colleagues (2006) reported increases in energy following a one-mile brisk walk by temporarily abstinent smokers; and Thayer, Peters, Takahashi & Birkhead-Flight (1993) demonstrated that smokers' energy levels were increased immediately after five minutes of brisk walking. It was demonstrated through our findings that following an acute bout of moderate intensity exercise the physical JOURNAL OF SMOKING CESSATION withdrawal symptom of sedation was significantly reduced at weeks 5 and 11, but not week 13. Smokers who quit are often plagued by extreme fatigue (Tobacco Treatment Specialist Training Course, 2010) . Present study findings combined with previous research indicate that exercise has great potential to alleviate this debilitating withdrawal symptom.
Following an acute bout of exercise, participants experienced a significant increase in the physical symptoms associated with withdrawal at weeks 5 and 11, but not week 13. This finding is most likely a result of the question 'is your heart beating faster than usual?' As expected following a bout of moderate intensity exercise, participants answered 'definitely' to this question. Perhaps of clinical importance is determining individual differences, which may influence recommending exercise as an adjunct therapy. For instance, individuals who suffer from anxiety or panic disorders, of which a rapid heartbeat is a distressing symptom, may benefit from reassurance that an increased heartbeat is a normal consequence of exercise (American Psychiatric Association, 1994) . Furthermore, it has been suggested that because the decrease in heart rate is most likely an offset effect (due to less nicotine in the body), there is no relevance for using heart rate decrease to assess withdrawal (Shiffman et al., 2004) . Hence, the inclusion of this question, particularly in the context of exercise, represents a limitation of the Shiffman-Jarvik physical symptoms subscale.
No significant reduction in appetite was shown following exercise at any of the three assessment time points (weeks 5, 11, and 13). To our knowledge only one other study has assessed the effect of exercise on the self-reported withdrawal symptom of appetite (Ussher et al., 2001 ). These researchers also found that exercise had no effect on appetite. Among the general population vigorous intensity exercise has been shown to suppress appetite (Blundell & King, 2000) . Possibly the null result of our study and that of Ussher et al. (2001) may be due to a less than vigorous intensity exercise protocol being undertaken by the abstinent smokers involved. If exercise does not effectively reduce the increase in appetite experienced during quitting then potential weight reduction benefits may be thwarted by powerful food cravings. Further research is needed to determine whether exercise leads to a delay in snack foods high in fat and sugar content (Thayer et al., 1993) .
As illustrated in Figure 1 , there was a high attrition rate at each assessment point. This was due to the strict inclusion criteria, which included: meeting the CO requirement for abstinence, properly adhering to the NRT protocol, and attending on the first Monday of assessment. These attrition rates are in line with other studies that have followed a similar protocol (e.g. Marcus et al., 1999) .
Although the present study has its strengths (participants were involved in an actual quit attempt using NRT, and had to meet stringent exercise, NRT, and smoking cessation requirements), it does have limitations that are worth noting. The fact that the study did not include an equal contact control group is a limitation. As participants were part of a larger trial (GPOC), it would have been impossible to include a proper control group without compromising the integrity of GPOC. Hence, it cannot be said for certain that any reduction in craving and withdrawal following exercise was specifically related to exercise and not to other environmental factors such as group interaction. That being said, the main aim here was not to determine how well an acute bout of moderate intensity exercise reduces craving and withdrawal, as this is well established in the literature, but to determine whether exercise reduces craving and withdrawal when using NRT. Nevertheless, a proper randomized control trial is recommended to provide conclusive evidence that an acute bout of exercise is beneficial for quitters using NRT.
Another limitation is that the findings from the present study are only generalisable to smoke-free females who managed to use NRT. Furthermore, the women included in the analyses had a mean Fagerström nicotine dependence score of 5.40, which is considered a medium level of dependence. It would be interesting to see if these findings could be replicated for smokers with a higher or lower dependency score. Other important research questions remain unanswered. For example, the duration of craving and withdrawal relief experienced following the exercise bout was not assessed. Therefore, it remains unclear how long post-exercise relief persists. Determining the duration of relief provided by exercise would shed light on the clinical relevance of this type of adjunct as a cessation aid and/or harm reduction technique. In addition, future research should continue to explore the mechanisms underpinning the beneficial effects of exercise. Determining how exercise works would allow clinicians to prescribe exercise more effectively.
In conclusion, an acute bout of moderate intensity exercise can alleviate cravings as well as psychological and sedation withdrawal symptoms in quitters during a 14-week exercise-aided NRT smoking cessation program. Therefore, promoting exercise among women using NRT is appropriate in response to withdrawal symptoms.
